Understanding challenges posed by climate change to estuaries and their faunas remains a high priority for managing these systems and their communities. Freshwater discharge into a range of estuary types in south-western Australia between 1990 and 2015 is shown to be related to rainfall. This largely accounts for decreases in discharge in this microtidal region being more pronounced on the west coast than south coast, where rainfall decline was less. Results of an oxygen-balance model imply that, as demonstrated by empirical data for the Swan River Estuary, declines in discharge into a range of estuary types would be accompanied by increases in the extent of hypoxia.
| INTRODUC TI ON
Estuaries are among the most productive of aquatic ecosystems and thus provide an abundant source of food for fishes and other fauna (Blaber & Blaber, 1980; Elliott & Whitfield, 2011; Whittaker & Likens, 1975) . They are also widely used for recreational purposes such as fishing and boating. During recent decades, the hydrological characteristics of these important systems (and coastal seas) have become modified in many parts of the world as a result of changes in rainfall and other effects of climate change (Altieri & Gedan, 2015; Hewitt, Ellis, & Thrush, 2016) . For example, marked reductions in precipitation have led to declines in discharge and thus the effectiveness of flushing (Altieri & Gedan, 2015; .
Such declines, in turn, increase residence time and thus the retention of nutrients and organic material and, consequently, increases in primary productivity, which can ultimately lead to marked eutrophication and the development of oxygen-depleted "dead" zones (Diaz & Rosenberg, 2008; Thronson & Quigg, 2008) . This problem is increasing in estuaries throughout the world (Paerl, Hall, Peierls, & Rossignol, 2014) . As estuaries are often surrounded by areas of agricultural, industrial and urban developments and therefore frequently receive substantial amounts of nutrients and organic material through runoff from surrounding land and by direct input, these systems are particularly prone to developing these detrimental effects. The effects of climate change on the discharges into estuaries, and thus of their flushing and the prevalence of oxygen-depleted dead zones, have sometimes been exacerbated by the construction of structures, such as dams and reservoirs, for diverting river flow for agriculture, industry and/or human water usage (Mehran et al., 2017; Stewardson et al., 2017) .
Studies in North America have shown that hypoxia in estuaries
can lead to changes in the biological characteristics of certain fish species within those systems (e.g., Breitburg, Hondorp, Davias, & Diaz, 2009; Eby et al., 2005; Wu, 2002) . For example, when some species are exposed to hypoxia, they often aggregate in betteroxygenated environments, which can lead to inhibitory densitydependent effects (Campbell & Rice, 2014; Eby & Crowder, 2002; Tuckey & Fabrizio, 2016) . Such fish species thus provide excellent, albeit under-used, test subjects for elucidating the degree and direction of shifts in the environmental quality of aquatic ecosystems (Izzo et al., 2016) .
The characteristics of estuaries in microtidal regions make these systems particularly susceptible to accumulating nutrients and organic material and thus to the development of hypoxia . Thus, in microtidal regions with Mediterranean climates, such as south-western Australia, one of the 25 regions worldwide recognized as global biodiversity hotspots by Myers, Mittermeier, Mittermeier, Da Fonseca, and Kent (2000) , the flushing effect of tides in estuaries is far less than in macrotidal systems. As rainfall in south-western Australia occurs predominantly in winter and early spring, nutrients and organic material are mainly flushed from the estuary during that period. Consequently, any decrease in winter flushing increases the likelihood of oxygen-depleted zones forming in the following summer when flushing is least and temperatures are greatest and conditions for microbial utilization of nutrients and organic material are thus optimal (Cottingham, Hall, & Potter, 2016; Hodgkin & Hesp, 1998; Spencer, 1956; Tweedley, Warwick, Clarke, & Potter, 2014) .
The possession by the estuaries of south-western Australia of typically a narrow entrance channel (lower estuary) that leads to a wide central basin area (middle estuary) results in attenuation of the already relatively weak tidal action (Spencer, 1956) . This, in turn, means that tidal influence is particularly small in the saline lower reaches of the rivers (upper estuary) that discharge into the basins. It thus follows that the flushing of south-western Australian estuaries, and of microtidal estuaries elsewhere, is largely governed by freshwater discharge. Furthermore, the extent to which the estuaries of south-western Australia are connected with the sea varies, which will clearly affect the extent to which these systems are flushed. Thus, although a number of estuaries in this region remain permanently open, for example, the Swan River Estuary and Walpole-Nornalup Inlet, sand bars form at the mouths of many others. Such bars close the estuary from the ocean either intermittently during the year, for example, Moore River Estuary, seasonally, for example, Wilson Inlet, or for a number of years, for example, Wellstead Estuary, which is therefore termed a normally-closed estuary (Hodgkin & Hesp, 1998; Potter, Hyndes, & Baronie, 1993) .
South-western Australia has experienced one of the greatest declines in rainfall of any region in Australia during the last century (Australian Bureau of Meteorology, 2018a), which has reduced runoff and thus discharge into estuaries (Petrone, Hughes, Van Niel, & Silberstein, 2010; Silberstein et al., 2012; Smith & Power, 2014) . Between 1975 and , the ~15% decline in rainfall in the Perth region, on the west coast of this region, was accompanied by a reduction of over 50% in the runoff into reservoirs (Bates, Hope, Ryan, Smith, & Charles, 2008) . The trend map produced by the Australian Bureau of Meteorology (2018a) shows, however, that the extent to which rainfall has declined since 1970 becomes progressively less eastward from the lower west coast along the south coast, with changes becoming minimal in the region of the Wellstead Estuary, the most eastern of the estuaries that are the focus of this study. Still further east, rainfall even increased slightly during approximately the same period in the catchment of one estuary but did not change significantly in the catchments of two other estuaries (Hoeksema, Chuwen, Tweedley, & Potter, 2018) .
On the basis of data collected in 1995-2010, the extent of hypoxia in the bottom waters of the Swan River Estuary on the lower west coast of Australia is inversely related to freshwater discharge, which declined during those years (Cottingham, Hesp, Hall, Hipsey, & Potter, 2014) . The degree to which the Swan River Estuary has become degraded is emphasized by the conclusion of Cloern, Foster, and Kleckner (2014) that it was the second most eutrophic of the 131 estuarine-coastal ecosystems from around the world for which they had collated data. Although oxygen concentrations in bottom waters of south-western Australian estuaries have been continuously monitored only in the Swan River Estuary, the limited data available for the Moore River and Blackwood River estuaries indicate that the prevalence of hypoxia in the bottom waters of these systems has likewise increased following declines in flow (Anderson, 2004; Brearley, 2013) .
The increase in the extent of bottom water hypoxia in the Swan River Estuary since the 1990s was accompanied in the demersal Black Bream Acanthopagrus butcheri by reductions in growth and body condition and a strong tendency for aggregating in shallow, better-oxygenated areas, which led to a marked increase in density in those waters (Cottingham, Hall, Hesp, & Potter, 2018; Cottingham et al., 2014) . These trends parallel those recorded for fish species in North America when exposed to hypoxia (e.g., Campbell & Rice, 2014; Eby & Crowder, 2002) . In the Swan River Estuary, the increased prevalence of hypoxia was also accompanied by a decrease in length at maturity and increase in age at maturity of A. butcheri, which is consistent with life-history theory (Stearns & Koella, 1986) . The changes in the biological characteristics of A. butcheri in the Swan River Estuary with marked reductions in oxygen concentrations occurred either directly through effects on metabolism or indirectly through, for example, density-dependent mechanisms or changes in prey composition (Cottingham et al., 2014) .
The plasticity of the biological characteristics of A. butcheri is reflected in marked differences between its growth and maturity schedules among south-western Australian estuaries in which the physico-chemical, hydrological and morphological characteristics and composition of potential food sources differ markedly (Brearley, 2005; Chuwen, Platell, & Potter, 2007; Gardner et al., 2013; Sarre, Platell, & Potter, 2000; . Variations in the growth of A. butcheri have sometimes been positively related to temperature and sometimes inversely (Cottingham et al., 2018; Doubleday et al., 2015) and the particularly slow growth rate in the Moore River Estuary in south-western Australia was considered to be related inter alia to the very low salinities that characterize this system .
As A. butcheri is relatively long-lived (up to 30 years) and typically restricted to its natal estuary for the whole of its life cycle (Morison, Coutin, & Robertson, 1998; Potter et al., 2008; Williams, Jenkins, Hindell, & Swearer, 2013) , it is exposed, throughout life, to any ongoing deleterious changes in environmental quality within the estuary (Cottingham et al., 2016 (Cottingham et al., , 2018 . This sparid, which is the most important recreational fish species in southern Australian estuaries (Gomon, Bray, & Kuiter, 2008; Jenkins, Conron, & Morison, 2010; Kailola et al., 1993; Lenanton & Potter, 1987) , thus constitutes an ideal test subject for exploring the ways and extents to which this and comparable species can respond to the effects of climate change and act as an indicator of "health" of estuaries (Bortone, Martignette, & Spinelli, 2006; Valesini, Cottingham, Hallett, & Clarke, 2017) . The implications of studies on this species thus complement those in which the consequences of reduced rainfall on terrestrial ecosystems have been explored in the biogeographical hotspot of south-western Australia (Fitzpatrick, Gove, Nathan, Sanders, & Dunn, 2008) . (Sarre & Potter, 1999 . These comparisons were used to explore the hypothesis that reductions in freshwater discharge between the two periods were accompanied in A. butcheri by declines in growth, body condition, and length at maturity and increases in the age at maturity. A log-log equation (using natural logarithms) describing the relationship between annual values for discharge in each estuary and rainfall, at the selected weather station in its catchment in the years between 1990 and 2015, was fitted and tested for significance. A linear equation was fitted to describe, for each weather station, the relationship between rainfall and the years between 1990 and 2015, while a log-linear equation was used to describe, for each estuary, the relationship between freshwater discharge and those years. One-tailed t tests were employed to determine whether Pearson's correlation coefficients between annual rainfall and year at the selected stations, and between the natural logarithm of annual freshwater discharge and year in each estuary, were negative and statistically significant (p ≤ 0.05). Back-transformed values for predictions of freshwater discharge calculated using the log-log and log-linear models were corrected for the bias associated with log transformation (Beauchamp & Olson, 1973) . Discharge vs rainfall Rainfall Discharge surrogate for the nearby Wellstead Estuary for which there are no freshwater discharge data but which experiences similar rainfall (Australian Bureau of Meteorology, 2018a). As there were no longterm monitoring data of oxygen concentration to validate the results for these three estuaries, the model is applied to each estuary using the available setup information without further calibration.
| MATERIAL S AND ME THODS

| Rainfall and freshwater discharge
| Oxygen mass-balance box model
Due to uncertainty in forcing conditions and model parameters, a
Monte Carlo sensitivity assessment was performed for each application to provide an "envelope" of likely oxygen concentrations for each estuary over a realistic range of conditions (Supporting Information Appendix S1). 
| Sampling regime for Acanthopagrus butcheri
| Growth and mass-length relationships
Each A. butcheri was measured to the nearest 1 mm (total length), weighed to the nearest 1 g and sexed. The smallest fish, which could not be sexed, were designated randomly (and in equal numbers) as either females or males. The sagittal otoliths of each A. butcheri were removed and examined whole using a dissecting microscope under reflected light. The opaque zones were counted in whole otoliths when their number was ≤6 and in sectioned otoliths when their number was greater (see , with the counts then used to age the fish. Full details of the aging procedures are given in Cottingham et al. (2014) .
The von Bertalanffy growth model was fitted separately to the lengths at age of females and males of A. butcheri in each of the six estuaries sampled in 2013-15, and in the four of those estuaries for which data had been collected in 1993-96. The von Bertalanffy
, where L t is the expected total length at age t (years), L ∞ is the asymptotic length (mm), k is the growth coefficient (per year) and t 0 is the hypothetical age (years) at which fish would have zero length. Likelihood-ratio tests (see Cerrato, 1990) was fitted to the log-transformed mass and length of ten randomlyselected fish from each of three length categories, that is, <160, 180-220, >240 mm, in both autumn and spring. These two seasons were selected because data were available for A. butcheri in each estuary in those seasons in both of the above periods. The equation, which was fitted using least squares regression, was lnM = a + blnL, where ln is the natural logarithm, M and L are the estimated body mass (g) and total length (mm) of fish, respectively, and a and b are constants.
As likelihood-ratio tests demonstrated that the slope (b) of the log-transformed mass-length relationship for each sex of A. butcheri in each estuary in 1993-96 often differed significantly from that of the same sex in that estuary in 2013-15, it was inappropriate to calculate a single overall mean condition factor across the full length range for comparing the body condition of A. butcheri in the two periods (Jennings, Kaiser, & Reynolds, 2001 ). Thus, comparisons of condition between periods used the mass at a given reference length of 250 mm TL, which was chosen as it represented a substantial length achieved after several years of growth in each estuary and is the MLL for A. butcheri in south-western Australia and thus relevant to fisheries management. A reparameterized form of the mass-length relationship, that is, ln M = lnM 250 mm + bln[L/L 250 mm ], was therefore fitted to the data for each sex in each estuary and period using the data employed in the preliminary exploration of mass-length relationships. The estimates of M 250 mm for each sex in each estuary in the two periods were then compared using a likelihood-ratio test. For this, the log-likelihood of a fitted model, which assumed that M 250 mm was the same for an estuary in both periods, was compared with that of a model that assumed different values of M 250 mm in those two periods.
The relationships between natural logarithms of the expected mass at 250 mm and age at that length of both the females and males of A. butcheri were derived using data for 1993-96 and 2013-15 in the four estuaries for which there were such historical data and for the other two estuaries for which there were data for just the later period.
| Age and length at maturity
Each Acanthopagrus butcheri caught in the four estuaries in 1993-96 and six estuaries in 2013-15 was assigned, on the basis of the macroscopic appearance of its gonads, a maturity stage (see Sarre & Potter, 1999) . As insufficient A. butcheri were caught during the spawning seasons in 2013-15 to calculate the ages and lengths at maturity for A. butcheri in the Swan River and Wellstead estuaries, these data were augmented by those collected previously for the Swan River Estuary in 2007-11 (Cottingham et al., 2014) and for the Wellstead Estuary for that parameter in 1993-96 and D is the difference between the age at 50% maturity between the second and first periods, that is, the increase in that age for the later period. Confidence limits for D were calculated at the 95%, 99% and 99.9% levels using its profile likelihood and examined to determine whether the resulting confidence regions lay above, below or overlapped 0, and thereby assess the probability that A 50 for the later period significantly exceeded that for the earlier period. The same approach, but with length substituted for age, with s max constrained to 10 mm, was used to relate the probability that a female or male possessed mature gonads to the total length (mm) of the fish in each estuary and period and to assess whether the L 50 decreased significantly between the two periods.
| RE SULTS
| Rainfall and freshwater discharge
Annual freshwater discharge in each of the seven estuaries studied throughout south-western Australia in the years between 1990
and 2015 was significantly related to annual rainfall at the weather station in the catchment of that estuary ( Figure 2 , Table 1 ). During that period, annual rainfall declined significantly at each station in the catchments of the four estuaries on the west coast ( Figure 2 , Table 1 ). These declines in rainfall parallel those for other nearby weather stations for which there were substantial but incomplete daily data, such as for Midland in the Swan River Estuary catchment.
From the regression equations relating rainfall to year, the declines in rainfall between 1990 and 2015 in the catchments of the above four estuaries ranged from 21% at Perth Airport to 33% at Cape
Leeuwin. While rainfall in that period declined in the catchments of the Nornalup-Walpole, Wilson and Beaufort inlets, these declines were only 3, 4, and 18%, respectively, and not significant ( Figure 2 , Table 1 ).
Between 1990 and 2015, annual freshwater discharge into the four estuaries on the west coast and two of the three estuaries on the south coast declined exponentially and significantly with year 
| Modelling of oxygen concentrations
The oxygen model predicts that, in both summer and winter, mean Figure S2 ).
| Comparisons of growth and body condition among estuaries in 2013-15
von Bertalanffy growth curves for both the females and males of A. butcheri in six estuaries in 2013-15 provide a good fit to the vast majority of the lengths at age of those sexes in those systems (Table 2 ; Figure 4 ). The coefficients of determination were always >0.80 and often 0.90 for the curves for both sexes in each estuary except for those of the Peel-Harvey Estuary ( Table 2 ). The lower co- (Table 2) . 
TA B L E 1 Linear relationships between natural logarithms of freshwater discharge (D as m
| Age and length at maturity
Among the four estuaries, for which there were historical reproductive data for A. butcheri, the age at maturity (A 50 ) of both the females and the males was significantly greater in 2013-15 than F I G U R E 3 Relationship between freshwater discharge and mean oxygen concentrations ±1 SD throughout the water column in four estuaries under winter and summer conditions predicted from the oxygen mass-balance model. Gray lines for Swan River Estuary represent mean oxygen concentrations ±1 SD of the bottom waters. See Supporting Information Appendix S1 for model description, parameters, and relationship between dissolved oxygen concentrations of water column and bottom water Figure 8 ).
Although the lengths at maturity of both the females and males in the Swan River Estuary were greater in 1993-96 than in 2013-15 (p < 0.001), the reverse applied to both sexes in each of the other three estuaries, noting that the differences were not significant for males in the Moore River Estuary and Walpole-Nornalup Inlet.
| D ISCUSS I ON
| Rainfall and freshwater discharge: relationships and changes with time
The analyses of data from the Australian Bureau of Meteorology Acanthopagrus butcheri were determined, noting that the discharge in Beaufort Inlet was used as a proxy for that in Wellstead Estuary.
Discharge has also been found to be positively correlated with rainfall in Stokes Inlet, which is located 170 km to the east of the most eastern system (Wellstead Estuary) considered in the present study (Hoeksema et al., 2018) . The inflows into the 11 major dams in the Perth region in the years from 1911 to 1976 and 1977 to 2013 have previously been shown to be positively correlated with rainfall throughout south-western Australia (Smith & Power, 2014) . It is predicted from models that, by 2030, a further decline in rainfall of ~8%
will be accompanied by a reduction in discharge of ~25% .
The magnitude of the declines in annual rainfall recorded be- water discharge are in line with estimates that a decline in rainfall of 15%-20% was accompanied by a reduction of up to 70% in runoff into reservoirs in the region of the Swan River Estuary (Bates et al., 2008; Silberstein et al., 2012) . Although a decline in rainwater input via streams and tributaries is the main contributor to declines in freshwater discharge, a reduction in rainfall has also reduced groundwater levels and thus the "reservoir" of supplementary water 
that contributes to discharge (Smettem, Waring, Callow, Wilson, & Mu, 2013) . Furthermore, declines in freshwater discharge have al- 
| Relationship between dissolved oxygen concentrations and freshwater discharge
It was previously established that the spatial extent of hypoxia in the Swan River Estuary increased significantly between 1995 and 2010 as freshwater discharge declined (Cottingham et al., 2014) . Although the other estuaries in this study do not possess the same spatiotemporal pattern of hydrologic dynamics, the oxygen-balance model still indicates that a reduction in freshwater discharge likewise leads to an increase in retention time and influence of sediment oxygen demand on oxygen concentration in those estuaries and particularly in summer.
Although the magnitudes of predicted reductions in mean oxygen concentrations throughout the water column are modest, the model's predictions are conservative in that they do not assume periodic stratification (which would occasionally enhance the oxygen drawdown) and, more importantly, do not take into account the localized areas of low oxygen that will develop during warm conditions and low wind. Furthermore, the declining summer base-flow in key rivers of south-western Australia is leading to longer periods of very low flow (Smettem et al., 2013 ). This will increase the extent and duration of hypoxic events in the bottom waters of the upper estuarine reaches, expanding the low oxygen tail on the oxygen probability distribution (i.e., frequency of events below 4 mg/L). In addition, low flow rates in winter lead to a greater accumulation of organic-rich sediments and thus to an increase in hypoxia in deeper waters, particularly in summer (Cottingham et al., 2014) , which is not taken into account by the model. Such accumulations are particularly relevant for demersal species, such as A. butcheri, whose larger individuals live in deeper waters when conditions are favorable, but occupy shallow waters when those deeper waters become hypoxic, thus leading to increases in density (Cottingham et al., 2014 (Cottingham et al., , 2018 . Oxygen concentrations would be less likely to decline markedly in shallow than deeper waters as their oxygen content is overwhelmingly influenced by oxygen air-water exchange rather than by freshwater discharge.
Furthermore, shallow waters are less prone to stratification.
The model, which describes the relationship between oxygen concentrations throughout the water column and flow, predicts that, as a result of a reduction in average inflow rates, dissolved oxygen concentrations in the different types of estuary studied would have declined between 1990 and 2015. This implies that each estuary has been impacted, to some extent, by the reduction in freshwater discharge that occurred during this period. Confirmation of this conclusion requires, however, the acquisition of comprehensive environmental data for those estuaries for which such data are not available. 
| Comparisons of growth and body condition among estuaries in 2013-15
The biological data derived for A. butcheri in 2013-15 in six estuaries, representing a range of estuarine types and environments, demonstrate that, during the same time period, the growth and body condition of this sparid varied greatly among these systems. With respect to growth, it is particularly relevant that the growth rates of A. butcheri, cultured separately from broodstock from the Swan River and Moore River estuaries in December 1999, were essentially identical, whereas the growth of the wild stock was far greater in the former estuary (Partridge et al., 2004) . This provides strong circumstantial evidence that the growth of A. butcheri is related more to the environmental characteristics of an estuary than to the small differences that exist between the genetic compositions of this sparid in different estuaries (Chaplin, Baudains, Gill, McCulloch, & Potter, 1997; Partridge et al., 2004) . As A. butcheri is a highly opportunistic "feeder" , it is thus relevant that this species fed mainly on bivalve molluscs in the Swan River Estuary, compared with large volumes of the macroalgae Cladophora sp. in the Moore River Estuary, presumably reflecting differences in the relative abundances of the food sources in those estuaries (Chuwen et al., 2007; . As the main dietary components of A. butcheri are of less nutritional value in the Moore than Swan River Estuary, it was proposed that the differences in dietary composition are considered likely to have contributed to the differences between the growth of A. butcheri in these two systems . Major differences in the dietary composition of A. butcheri in a range of estuaries (Chuwen et al., 2007; could thus account for the variations exhibited by the growth of this sparid among estuaries (Chuwen, 2009; Cottingham et al., 2014; pre- sent study). These differences demonstrate that A. butcheri is highly opportunistic in its "choice" of food. As the density of A. butcheri was greater in the Moore than Swan River Estuary, a density-dependent effect may also have contributed to the differences between the growth of this sparid in these two systems (Partridge et al., 2004; .
It was striking that, in each of the six estuaries studied in 2013-15, the age and mass of A. butcheri at the MLL of 250 mm, regarded as a reflection of growth and body condition, respectively, did not follow that of the latitudinal sequence of these estuaries (cf. The present and other studies demonstrate that, in southwestern Australia, A. butcheri is abundant and can grow in different types of systems and in salinities ranging from close to zero to in excess of that of full strength seawater (e.g., Cottingham et al., 2014; Young & Potter, 2002; Young, Potter, & de Lestang, 1997) . Furthermore, in laboratory trials, this species survived well and grew in salinities ranging from 0 to 48 (Partridge & Jenkins, 2002 However, at a far larger spatial scale, the growth of A. butcheri was shown to be negatively correlated with temperature in estuaries in the relatively cool climate of Tasmania over a 21 year period and positively correlated with temperature (and also rainfall) in an estuary in South Australia over a 13 year period (Doubleday et al., 2015) .
Although there were data that enabled us to propose that differences in the growth of A. butcheri among estuaries were not strongly related to either water temperature (with air temperature as a surrogate) or salinity, there are no data to facilitate comparisons of the oxygen regimes across those estuaries. When available, oxygen concentration in those estuaries was based on measurements taken on a single day during sampling and often at seasonal intervals and thus do not provide a reliable basis for comparing oxygen concentrations among those estuaries.
| Comparisons of growth, body condition and maturity schedules between periods
This study has confirmed the hypothesis that reductions in freshwater discharge, and thus presumably increases in the extent of hypoxia in the Moore River, Swan River and Wellstead estuaries and 1993-96 and 2013-15 implies that, throughout the large region of south-western Australia, this species was responding to factor(s) that were operating in a common direction. body condition to decline will be accompanied by a reduction in energy reserves that could be used for growth (Lambert & Dutil, 1997; Lloret, Shulman, & Love, 2014; Morgan, 2004; Rӓtz & Lloret, 2003) .
The decline that occurred in the growth and typically body condition of A. butcheri in estuaries between 1993-96 and 2013-15, as discharge decreased and the extent of hypoxia is thus presumed to have increased, is consistent with the reductions in the values recorded for those biological characteristics in fishes in the northern hemisphere when exposed to hypoxia (e.g., Pichavant et al., 2001; Wu, 2002) . In the Neuse River Estuary, the growth and body condition of the Atlantic Croaker Micropogonias undulates was least in years when hypoxia was greatest (Eby et al., 2005) , a trend consistent with the results of subsequent laboratory experiments (Mohan, Rahman, Thomas, & Walther, 2014 Tweedley, Hallett et al., 2016) . In addition, the decline in environmental quality in different south-western Australian estuaries has been accompanied by the same directional changes in taxonomic distinctness of benthic macroinvertebrates (Tweedley et al., 2014) , key prey of A. butcheri in this region (Chuwen et al., 2007; . (Cottingham et al., 2016) . Furthermore, the corresponding increase in water temperature between these periods, for which there are no directly comparable data, would be expected to be even less. On the basis of the regression equation relating salinity to year and derived from weekly measurements between 1995 and 2015, the salinity at a site in the Swan River Estuary, increased, on average, by 5.8 at the surface and 8.3 at the bottom of the water column (Water Information, 2018) , with surface and bottom salinities at all times well within the range in which A. butcheri is known to grow well (Partridge & Jenkins, 2002) .
The increase in age at maturity that typically occurred as growth declined implies that A. butcheri now requires a greater period to attain the threshold length necessary for maturation, which is consistent with changes predicted by life-history theory (e.g., Plaistow, Lapsley, Beckerman, & Benton, 2004; Stearns & Koella, 1986 ) and exhibited in wild populations, such as of the Chum Salmon Oncorhynchus keta in northern Japan (Morita & Fukuwaka, 2007) . In contrast to lifehistory theory, the length at maturity of A. butcheri declined in only one of the four estuaries. As growth in the other three estuaries was not as great as in that estuary, it is proposed that the individuals in those estuaries require longer to attain a threshold size for becom- Australian estuaries and thus the amenity to fishers of this important recreational fish species in those estuaries. These detrimental biological effects will presumably worsen as a result of the effects of continuing climatic changes (Barron et al., 2012) . It thus follows that ongoing assessment of the biological characteristics of highly adaptable species, such as A. butcheri, would provide an excellent additional method for monitoring and assessing the "health" of estuaries. This study was conducted in accordance with the conditions in permit R2561/13 issued by the Murdoch University Animal Ethics Committee.
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